INTRODUCTION
Like the axillary lymph node, the internal mammary lymph node (IMLN) chain is a first lymphatic drainage site in breast cancer; however, the importance of its management has long been debated. Historically, between the 1940s and 1960s, the surgery of IMLN was performed during the classical Halsted radical mastectomy with extrapleural resection of the internal mammary chain (extended radical mastectomy) [1] [2] [3] . Some studies have reported a high metastatic rate of IMLNs (44%-65%) in breast cancers with medial tumors and positive axillary nodes [4] [5] [6] . However, a multicentric randomized clinical trial, which started in 1962, did not show any survival benefit for radical dissection of IMLNs [7, 8] , and hence extended radical mastectomy (ERM) has since been abandoned.
Currently, the TNM staging of the 6th American Joint Committee on Cancer (AJCC) is determined by metastatic status of IMLNs and the National Comprehensive Cancer Network Clinical Practice Guidelines recommended considering radiotherapy for patients with suspected IMLN metastasis. However, for determining the direction of treatment and prognosis for these patients, an accurate assessment of IMLN metastasis is the most important consideration. The presence of metastatic IMLNs can change the tumor stage and can determine the direction of treatment.
Purpose: Metastatic status of internal mammary lymph node (IMLN) has a clinical importance in assessing the stage and prognosis of breast cancer. But, when metastasis of IMLN is suspected; the management is controversial. We retrospectively reviewed 36 breast cancer patients who underwent IMLN bi opsy, and investigated the pathologic status of IMLN which sus pected metastasis with positron emission tomography and com puted tomography (PET/CT). We conducted a retrospective review of 36 breast cancer patients who underwent IMLN biopsy for suspected IMLN metastasis on positron emission tomography and computed tomography (PET/CT) and identified the pathologic status of IMLNs. By the PET/CT-guided removal of IMLNs suspected for harboring metastasis, we investigated the diagnostic value of PET/CT for IMLN metastasis and tried to identify the exact pathologic stage of breast cancer and determine the direction of treatment.
METHODS

Patients
From January 2007 to December 2012, at the Yeungnam University Hospital, 2,758 patients were diagnosed with primary breast cancer and received surgery. In this period, PET/ CT was conducted in 1,978 patients and IMLN metastasis was suspected in 133 patients before the initial operation or during the follow-up period. Among these 133 patients, after excluding the patients with combined IMLN and distant metastasis, 40 patients had only IMLN metastasis and underwent IMLN biopsy based on the PET/CT findings. Fine needle aspiration cytology or core needle biopsy was not conducted before IMLN biopsy. Excluding the 4 patients who had incomplete data, a total of 36 patients were included in this study. Clinicopathologic features of these patients and the pathological metastatic status of IMLNs were retrospectively investigated. This study was approved by the Institutional Review Board of Yeungnam University College of Medicine (IRB No. YUH-13-0369-B4).
Diagnosis
All patients with primary breast cancer underwent preoperative lymphoscintigraphy, ultrasound, and PET/CT. Patients with locoregionally recurrent breast cancer underwent ultrasound and PET/CT. IMLN biopsy was performed in 36 patients with suspicion of metastasis on PET/CT. On PET/CT, we defined suspected metastatic IMLNs as those with an uptake clearly greater than the adjacent background in the firstfifth intercostal space along the lateral sternal border. For localization of the IMLNs that were identified on PET/CT, we checked the level of the intercostal space through physical examination and radiologic findings.
Surgery
After administration of general anesthesia, surgery was performed through a skin incision measuring approximately 3 to 4 cm over the location of the suspected IMLNs. If radical mastectomy (RM) or modified radical mastectomy (MRM) was performed simultaneously, the surgery was performed through the skin incision for mastectomy. For breast conserving surgery (BCS), we used either the same skin incision or a separate skin incision.
We dissected the pectoralis major muscle and cut the intercostal muscle. We then found the IMLNs in the fatty tissue along the internal mammary vessels on the surface of the parietal pleura ( Figure 1 ). In addition to the initially approached intercostal space, we performed a lymph node biopsy at the upper or lower level of the intercostal space.
Pathology
Resected IMLN > 5 mm in size were sectioned at 5 mm intervals along the long axis, and the nodes < 5 mm in size were sectioned at their largest diameter. Routine hematoxylin and eosin staining was performed. The diagnostic criterion for lymph node metastasis, according to the 6th AJCC, was a cluster of malignant cells > 0.2 mm in the lymph node.
RESULTS
Clinicopathologic characteristics of patients
A total of 36 patients were included in this study. Twenty- four patients with primary breast cancer and 12 patients with locoregionally recurrent breast cancer underwent IMLN biopsy. In patients with primary breast cancer, the mean tumor size was 3.55 ± 1.81 cm and the mean number of metastatic axillary lymph nodes was 8.58 ± 7.30. In patients with recurrent breast cancer, the primary tumor size was 2.87± 2.07 cm. IMLN biopsy was performed through a separate incision (in 14 patients) or through the same incision as that in RM (in 2 patients), MRM (in 17 patients), nipple areola skin-sparing mastectomy (in 1 patient), and BCS (in 2 patients) ( Table 1) . Rib resection was not performed in any of the cases. All patients underwent a routine postoperative chest X-ray, and there were no specific complications, such as pneumothorax or hemothorax. Postoperatively, patients received chemotherapy, hormonal therapy, or radiotherapy according to the biopsy report.
Pathologic metastatic rate of IMLNs
The mean number of IMLNs was 2.72± 2.05, and the total metastatic rate of IMLNs was 72.2% (26/36). IMLN metastasis was confirmed on pathologic examination in 19 patients (79.2%, 19/24) with primary breast cancer and in 7 patients (58.3%, 7/12) with recurrent breast cancer. The mean standardized uptake values (SUV) of metastatic and nonmetastatic IMLNs in primary breast cancer were 2.06± 1.39 and 2.89± 1.56, respectively and those of metastatic and nonmetastatic IMLNs in recurrent breast cancer were 4.58± 3.11 and 4.43± 4.63, respectively. In both groups, there was no statistically significant difference between the SUVs of metastatic and nonmetastatic IMLNs (p= 0.291 and p= 0.951). The patients with pathologically confirmed metastatic IMLNs showed a tendency to have a larger primary tumor size and a larger number of metastatic axillary lymph nodes. However, there was no statistically significant difference between both groups (Tables 2, 3). Data are presented as number (%) or mean± SD. ALN = axillary lymph node; SUV = standardized uptake value; IMLN = internal mammary lymph node. We performed additional lymph node biopsy at the upper or lower level of the intercostal space in 17 patients. When IMLN metastasis of originally suspicious intercostal space was pathologically confirmed, pathological metastatic rate of IMLN in upper and lower intercostal space was 66.7% (6/9). Only IMLN metastasis without axillary node metastasis was found in 4 patients (11.1%, 4/36), and the tumor location in these patients was the inner quadrant or the central quadrant (Table 4) .
DISCUSSION
Assessment of the axillary lymph nodes has been accepted as a part of the standard operative procedure in breast cancer surgery, and axillary dissection and radiotherapy of the axilla result in excellent locoregional control of breast cancer. However, the management of IMLNs has always been debatable. Approximately 3% to 21.8% of lymph from the breast is estimated to flow into the internal mammary chain [9, 10] and tumors with medial location, axillary lymph node metastasis, and large size have a higher rate (44%-65%) of IMLN metastasis [2, 3, 11] . However, in 1985, Veronesi et al. [2] conducted an analysis of 1,119 patients who underwent ERM and reported a relatively similar prognosis between the patients with only axillary metastasis and those with only IMLN metastasis (10 year survival rate, 47.2% vs. 51.9%).
One of the most important reasons for controversy regarding the management of IMLNs is the lack of survival benefits. In 1954, through an analysis of ERM, Handley and Thackray [12] first described the detailed surgical technique of IMLN biopsy and reported a metastatic rate of IMLNs of 33%. However, a multinational randomized trial conducted in 1963 showed that there is no statistically significant survival benefit from ERM compared with RM, and various complications such as chest wall deformity, pneumothorax, and hemothorax have been reported during and after ERM [7, 8, [13] [14] [15] . ERM has since been abandoned. However, at this point in time, with advanced diagnostic and treatment techniques, we should reinterpret these previous results. Actually, in the study by Veronesi et al. [1] , they did not administer adjuvant therapy, such as chemotherapy, hormonal therapy, or radiotherapy. Currently, there has been a marked advancement in the preoperative diagnostic techniques. Ultrasonography, mammography, magnetic resonance imaging, PET/CT, and CT. are performed as preoperative examinations, instead of only being used CT as preoperative diagnostic method in the past. These diagnostic methods provide more information on precise localization of the tumor or distant metastasis. The use of concurrent local and systemic treatments for breast cancer is currently being emphasized. MRM or BCS is preferred over RM as a local treatment; and adjuvant therapies, including chemotherapy, hormonal therapy, and target therapy are administered as a systemic treatment after local treatment.
By the PET/CT-guided biopsy of IMLNs suspected for harboring metastasis, we investigated the diagnostic value of PET/CT for IMLN metastasis and tried to identify the exact pathologic stage of breast cancer and determine the direction of treatment. In the past, ERM was performed based on RM with an additional resection of ribs and removal of lymph nodes and fat over the parietal pleura [3] . In our study, the IMLNs were removed from the site suspicious for metastasis on diagnostic methods without performing rib resection. We could avoid serious complications such as pneumothorax and hemothorax. To date, there is no study of IMLN biopsy when IMLN metastasis was suspected on PET/CT. Although many studies have reported on the accuracy of PET/CT in evaluating the status of IMLNs, there was no pathological confirmation of metastasis. Most of the studies only assessed the change in the SUVs on the follow-up PET/CT, and no longterm follow-up results of PET/CT have been reported [16] [17] [18] . According to the study by Eubank et al. [17] in 2001, sensitivity and specificity of PET/CT was reported to be 85% and 90%, respectively; however, in our study, the metastatic rate of pathologically confirmed IMLNs detected on PET/CT was 72.2% (26/36) .
Although breast cancer patients with only IMLN recurrence are rare, metastasis to IMLNs raises the possibility of distant metastasis and is associated with a decreased survival rate [16, 19, 20] . The current National Comprehensive Cancer Network Clinical Practice guidelines recommend the use of [21] . Although many large retrospective studies have reported on the additional benefits of radiotherapy, most studies have patient and treatment selection biases, which make it difficult to interpret the results [22] [23] [24] [25] [26] . Through radiotherapy, patients can expect to achieve an excellent local control. However, ribs and sternum may interrupt the radiation in patients with metastatic IMLNs, which may cause a decrease in the treatment effect. Also, radiation can cause radiation pneumonitis and cardiac toxicity, such as ischemic heart disease, in patients with actually nonmetastatic IMLNs [21, 27] . In particular, cardiac toxicity is increased by the additional use of systemic therapy such as anthracycline or trastuzumab. There are no published results of clinical trials assessing the effect of radiotherapy on IMLNs. We dissected the IMLNs when metastasis was suspected on PET/CT. When IMLN metastasis was confirmed pathologically, the patients received additional radiotherapy. In case of pathologically confirmed nonmetastatic IMLNs, unnecessary radiation could be avoided in the patients. In our study, we attempted to confirm IMLN metastasis pathologically and to improve the survival rate through simple surgical removal and additional radiotherapy.
However, our study has several limitations. The first question is whether it is possible to remove all the metastatic IMLNs. Although we removed most of the lymph nodes and fat over the intercostal space that were suspected of harboring metastasis on PET/CT, and in some cases, we also checked the upper or lower levels of the intercostal space, some lymph nodes may have remained behind the sternum and ribs. However, pathological confirmation of metastasis can provide directions in making decisions regarding further treatment such as additional radiotherapy and adjuvant therapy after surgical removal, which can have a synergistic effect. The second question pertains to the long-term results. In our studies, most patients with suspected metastatic IMLNs on PET/CT had locally advanced breast cancer such as pathological stage IIIA-C. The question whether the removal of IMLNs has an effect on the prognosis of these patients can be addressed by performing additional studies.
According to Veronesi et al. [2] in 1985, 9.1% (51/563) of patients who underwent ERM had only IMLN metastasis without axillary LN metastasis. If the patient with a large tumor or a medially located tumor did not receive an exact assessment regarding IMLN status, they could not receive appropriate treatment and would be classified into a poor prognostic group.
Due to the recent advances in diagnostic and surgical skills, IMLN biopsy without RM can be performed safely without any complications. Although, PET/CT could provide information about the clinical stage, the pathologic stage is confirmed through IMLN biopsy. If the SUV of IMLNs on PET/ CT is considered, IMLN biopsy is useful for assessing locoregional control and avoiding unnecessary radiation. Further follow-up studies are needed in order to assess the loco egional recurrence and to compare the improvement in overall survival and disease-free survival.
